
LA-UR-21-30047
Approved for public release; distribution is unlimited.

Title: Report to NCSP on FY21 DANCE and NEUANCE measurements of 233U(n, γ)

Author(s): Leal Cidoncha, Esther
Couture, Aaron Joseph

Intended for: Report

Issued: 2021-10-11



Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001.  By approving this article, the publisher
recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes.  Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy.  Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its
technical correctness.



Report to NCSP on FY21 DANCE and NEUANCE measurements

of 233U(n, γ)
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1 Experimental measurement 2021

In order to complete the statistics needed above 10 keV after the experiment performed in December 2020,
a production measurement of the 233U capture cross section, using the thick target (∼20 mg) was proposed
for the CY21 runcycle. Through collaboration with the DANCE experimental team, we arranged for the
NEUANCE array to stay in place in the CY21 run cycle until the 233U measurement was complete in
June-July 2021, further reducing systematic uncertainties in the measurement.

The measurement was performed over 10 days with the 20 mg sample, and the 10 mg sample was placed
in the beam for 1 day. The rest of the beam time was used to measure radioactive γ sources for energy
calibration, and background measurements and tests to define the 233U windows required during the data
taking. The NEUANCE detector placed inside the DANCE cavity is shown in figure 1.

Figure 1: The NEUANCE instrument placed inside DANCE.

2 Fission tagging

After calibrating the DANCE and NEUANCE detectors for this new measurement, the analysis code has
been modified to search for coincidences between the DANCE and NEUANCE channels. First, a time
window of 5ns has been used to look for γs coincidences between the DANCE crystals to search for γ
cascades. Then, a time window of 25ns has been used to look for coincidences between the γs from DANCE
and the neutrons from NEUANCE. The events from DANCE found in coincidence with NEUANCE have
been tagged as fission events and the rest of the DANCE events have been left untagged. The investigation
of the fission tagging efficiency is still underway. The preliminary neutron energy spectra for the untagged
events with multiplicity higher than 2 and the tagged events are shown in figure 2.
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Figure 2: Preliminary tagged and untagged raw data spectra for 1h of data taking.

The preliminary crystal multiplicity versus the total energy of the cascade is shown in figure 3 for the
fission tagged events (figure on the left) and the untagged events (figure on the right). Fission events can
be observed in both, the tagged and untagged figures, the purpose of tagging is to define the shape of the
fission γ-ray spectrum that can be subtracted from the untagged spectrum.

0 2 4 6 8 10 12 14 16 18 20
Esum

0

2

4

6

8

10

12

14

16

18

20

M
cr

Etot_Mcr_tag
Entries  877430

Mean x   3.554

Mean y   6.012

Std Dev x   2.685

Std Dev y   3.283

1

10

210

310

410

Etot_Mcr_tag
Entries  877430

Mean x   3.554

Mean y   6.012

Std Dev x   2.685

Std Dev y   3.283

0 2 4 6 8 10 12 14 16 18 20
Esum

0

2

4

6

8

10

12

14

16

18

20

M
cr

Etot_Mcr_duntag

Entries     1.84234e+07

Mean x   4.287

Mean y    4.41

Std Dev x   2.673

Std Dev y    2.37

1

10

210

310

410

510

Etot_Mcr_duntag

Entries     1.84234e+07

Mean x   4.287

Mean y    4.41

Std Dev x   2.673

Std Dev y    2.37

Figure 3: Preliminary tagged (figure on the left) and untagged (figure on the right) crystal multiplicity versus
total energy for 1h of data taking. The diagonal events in both figures correspond to fission and the bottom
events on the right figure correspond to capture.
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3 Conclusions and next steps

The second part of the experimental 233U measurement was succesfully performed in June-July 2021 to
complete the statistics needed above 10 keV. The complete set of experimental data is being analyzed. The
fission tagging method has being succesfully implemented in the code, and the fission tagging efficiency will
be improved for final analysis. The data analysis will continue during the end of the year 2021 and the year
2022.
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